Considering the rapid climate changes worldwide, with the purpose to reduce financial losses for dairy farmers and enable a more sustainable farming as well, there is an increasing necessity to implement breeding values for heat resistance in breeding strategies. The estimation of breeding values requires a determination of temperature-humidity index (THI) threshold value. Therefore, the objective of this study was to determine the temperature-humidity index (THI) threshold values for daily milk yield, daily fat and protein content of milk produced by Holsteins and dairy Simmentals in Croatian farms. With that purpose, 1.070,554 test-day records from 70.135 Holsteins reared on 5.679 farms and 1.300,683 test-day records from 86.013 Simmentals reared on 8.827 farms in Croatia were compared to records of ambient temperature and relative humidity collected in the barn, during regular milking recordings from January 2005 to December 2012. Accordingly the following conclusions could be drawn: threshold values for daily milk yield were highly dependant on the parity and breed (Holsteins: 68, 69 and 72 for 1 st , 2 nd , 3+ parity; Simmentals: 77 for 1 st ); daily fat and protein contents showed a highly significant decrease due to heat stress condition (THI in 66-80) in both, Holstein and Simmental cows, and in all parity classes; multiparous cows were more resistant to heat stress than primiparous; Simmental cows were more resistant to heat stress than Holsteins.
Introduction
The consequences of climate change become, in the last few decades, more and more expressed worldwide. In accordance with the Intergovernmental Panel on Climate Change (IPCC, 2007) , in the near future dairy cattle will be exposed to unfavourable climatic conditions in regions that now are not characterised by climate extremes. In accordance with this forecast, Reiczigel et al. (2009) determined in Hungary an increase in the number of heat stress days/year (temperature-humidity index THI>68) from 5 to 17 in the last 30 years. Also, Gauly et al. (2013) found that when considering the scenarios of global warming, heat stress of highyielding dairy cows became an increasing concern of dairy producers in Europe. Dunn et al. (2014) concluded that the number of days exceeding the THI threshold in southern parts of the UK could increase from on average 1-2 per year to over 20 per year by 2100. Worldwide, dairy cattle are kept in various production and housing systems .
Indoor housing systems applied for dairy cattle breeding require, to the preservation of optimal microclimate conditions in the barn for achieving the productive potential of individual cows. The interrelation between ambient temperature and relative humidity is important for guaranteeing a good level of animal welfare, reproduction and profitability of the dairy farm. Any extreme combination is potentially harmful. In environment with low temperature and high humidity, cows increase heat production and consume more feed in order to compensate body energy losses. When the animal is overheated, high humidity may lead to infections of the respiratory tract or the udder. On the other hand, high temperature and low relative humidity may dehydrate mucous membranes thus increasing vulnerability to viruses and bacteria (Romaniuk and Overby, 2005) . The combination of high temperature and high relative humidity was proven to have the most detrimental effect through inducing heat stress in cows. Under heat stress conditions, lactating cows tend to reduce their dry matter intake (DMI) and milk production (West et al., 1999) . Moreover, heat stress is associated with changes in milk composition, increase in somatic cell counts (SCC) and mastitis frequencies (Bouraoui et West, 2003) . Additionally, a deteriorating effect on reproductive performances was also observed (Bohmanova et al., 2007; Ravagnolo et al., 2000) . Numerous studies showed that high producing cows were much more susceptible to heat stress than low producing cows (Bohmanova, 2006; Collier et al. 2006 ). Considering the intensive genetic selection for milk production, K adzere et al. (2002) assumed that the cow physiology of thermoregulation changed. High producing cows had larger frames and larger gastrointestinal tracts which allow digestion of more feed, resulting in an increase in metabolic heat, which in turn reduces the cow's ability to maintain normal temperature at unfavourable conditions. Finally, an increase in milk yield, feed intake, and metabolic heat shifts the thermoneutrality to lower temperatures. Berman (2005) stated that a shift in the daily milk yield from 35 to 45 kg/d leads to a higher sensitivity to thermal stress and reduces the threshold temperature for intermediate heat stress by 5 °C.
The most common measure of heat stress in dairy cows is the temperature-humidity index (THI) which is a combination of ambient temperature and relative humidity and is a useful and easy way to assess the risk of heat stress (Kibler, 1964 (Gantner et al., 2011) . In numerous dairy-producing areas worldwide heat stress conditions represent a significant financial burden. For example in the USA it was estimated to be between $897 million and $1.500 million per year (St-Pierre et al., 2003) . In recent years the milk production in the European Union milk production has moved to Atlantic regions characterised by a less intensive farming, more land suitable for pasture and a milder climate (GIRA, 2012). Forecasts indicate that this movements will continue unless heat stress effect in the south eastern Europe were minimised by applying appropriate methods. There are many methods to decrease the impact of heat stress including the shading, cooling, nutrition (K adzere et al., 2002; West, 2003) and selection for heat stress resistance (Bohmanova, 2006) . Ravagnolo et al. (2000) found an antagonistic relationship between cow's production and heat tolerance implying a deteriorate effect of the selection for productivity on cow's resistance to heat stress. The unfavourable genetic relationship between THI and productive and reproductive traits was found in few studies (Ravagnolo and Misztal, 2002a The THI threshold values for daily milk traits were determined by a least square analyses of variance for each given THI value (from 66 to 80) in regard to the parity class (1   st   , 2 nd , 3+) and breed (Holstein, Simmental) using the PROC MIXED procedure in SAS (SAS Institute Inc., 2000). Following mixed model was used: The significance of differences between the THI classes were tested by Scheffe's method of multiple comparisons. The threshold value was defined as the lowest THI value at which significant differences in milk traits was determined.
Results and discussion
Analysis of the microclimate parameters recorded in the barns in the summer season (June, July, August) during the period 2005-2012 are presented in Figure 1 (Holsteins) and Figure 2 (Simmentals). During the months of June, July and August, mean ambient temperature varied from 21 to 23.5 °C, from 23 to 28 °C and from 22 to 28 °C, respectively. Taking into account that the upper limit of cow's comfort zone was 25 °C (Yousef, 1985) , even mean values of measured ambient temperatures in Holstein's barns indicated a prevalence of heat stress conditions. When maximum daily ambient temperatures were considered, the lowest measured value was 35 °C. Combination of these high temperatures with high relative humidity values were able to cause heat stress conditions during the entire summer period. Similar mean values of indoor environmental parameters were also determined in the barns with Simmental cows and, compared to the previous ones, a higher prevalence of days with extreme conditions (ambient temperature = 40 °C, relative humidity >96 %, as well as THI>96) was found.
Least square means regarding the fixed effect of THI class (0, 1) on daily milk yield in accordance to the parity class (1   st   , 2 nd , 3+) and breed (Holstein, Simmental) are shown in Table 2 . Environmental conditions in the barns with THI values equal to 68 caused significant, but small (0.075 kg/day) drop in daily production of first parity Holsteins. Highly significant decrease of daily milk yield was observed when THI value in the barns was above 68, when the estimated drop in milk yield was between 0.159 and 0.329 kg/day. The highest decrease was determined in environmental condition characterised by THI equal to 77. Table 2 . Least square means of daily milk yield regarding the given threshold values in accordance to the parity class and breed
The Holsteins in second lactation were slightly more heat resistant and experienced significant decrease of daily milk yield when THI=69. Similarly, like first parity cows, Holsteins in second parity also had the highest drop in daily milk yield (equal to 0.339 kg/day) when THI=77. The Holsteins in third and higher lactation, as expected, were much more resistant to the heat stress conditions. These cows experienced significant drop of daily milk production when THI=72. Although, the drop in daily milk yield was determined even in older cows, the amount of the decrease was quite smaller comparing to the cows in first and second parity indicating that resistance to heat stress increases with cow's age.
Within the analyses of the Simmental first parity cows, the initial significant drop in daily milk yield was determined for THI in the barns at 77. In older Simmentals (second and higher lactations) decrease in daily milk yield was not determined at any tested THI value (66-80). Taking into account that Simmentals produce significantly less milk than Holsteins, smaller drop in daily production due to the heat stress was expected, but the complete absence of production decline in older Simmentals needs to be further researched.
The decrease in daily milk yield due to the heat stress conditions in dairy cattle was intensively researched. Fluctuation of daily fat and protein content in milk due to heat stress concerning the parity class (1   st   , 2 nd , 3+) and breed (Holstein, Simmental) is presented in Table 3 . Highly significant drop of daily fat and protein contents due to heat stress conditions was determined at all tested THI values (66-80) in both, the analysed breed and in all parity classes. In the first parity Holsteins, daily fat content was found to be in 0.191-0.214 %/day interval, in the second lactation Holsteins it was in 0.198-0.220 %/day interval, while the Holsteins in 3+ parity experienced the highest decrease (range: 0.211-0.234 %/day). Regarding the daily protein content, similar trends as in daily fat content was determined. In the first parity Holsteins, decrease in daily protein content was found to be in 0.121-0.149 %/day interval, in the second lactation Holsteins it was in 0.136-0.166 %/day interval, while the Holsteins in 3+ parity experienced the highest decrease (range: 0.134-0.158 %/day).
The Simmental cows had lower drop in all parity classes as follows: 0.110-0.140 %/day, 0.116-0.140 %/day, 0.114-0.139 %/day intervals for first, second and third+ parity, respectively.
Similarly to these results, Bouraoui et 
Conclusion
Based on the analyses conducted within the present study, it could be concluded that the threshold values for daily milk yield were highly dependant on the parity and breed (Holsteins: 68, 69 and 72 for 1 st , 2 nd , 3+ parity; Simmentals: 77 for 1 st ). Also, the daily fat and protein contents showed a significant decrease due to heat stress conditions (THI in 66-80) in both, Holstein and Simmental cows, and in all parity classes as well. Multiparous cows seemed to be more resistant to heat stress than primiparous, while Simmental cows seemed to be more resistant to heat stress than Holsteins. However, the question still remains are Simmentals more heat stress resistant? Is the supposed resistance found in this research mainly a consequence of the lower production level of Simmentals or are they genetically more appropriate for the expected challenges in the future milk production? These questions will be answered by subsequent researches.
Razlike u rezistentnosti na toplinski stres ovisno o pasmini mliječnih goveda
Sažetak U svjetlu sve izraženijih te bržih klimatskih promjena širom svijeta, te u cilju redukcije financijskih gubitaka mliječnih farmi i osiguravanja održivog poslovanja, nužnost implementacije uzgojnih vrijednosti za rezistentnost na toplinski stres u uzgojne strategije, biva sve izraženija. Procjena uzgojnih vrijednosti podrazumijeva prethodnu determinaciju threshold vrijednosti. Stoga je cilj ovoga rada bio utvrditi threshold vrijednost za dnevnu količinu mlijeka, dnevni sadržaj mliječne masti te bjelančevina za holstein i simentalsku pasminu na mliječnim farmama u Hrvatskoj. S tim je ciljem analizirano 1.070.554 testday zapisa 70.135 holstein krava uzgajanih na 5679 farmi te 1.300.683 test-day zapisa 86.013 krava simentalske pasmine uzgajanih na 8827 farmi u Hrvatskoj zajedno s podacima o ambijentalnoj temperaturi te relativnoj vlazi na farmi prikupljenih tijekom redovne kontrole mliječnosti u razdoblju od siječnja 2005. do prosinca 2012. Temeljem provedene analize mogu se donijeti slijedeći zaključci: threshold vrijednost za dnevnu količinu mlijeka uvelike ovisi o redoslijedu laktacije te pasmini (holstein: 68, 69 te 72 za 1., 2., te 3+ laktaciju; simentalska: 77 za 1); dnevni sadržaj mliječne masti te bjelančevina statistički visoko signifikantno opada uslijed toplinskog stresa (THI jednak 66-80) u obje pasmine te u svim laktacijama; višetelke su rezistentnije na toplinski stres u odnosu na prvotelke; krave simentalske pasmine su rezistentnije na toplinski stres u odnosu na holstein.
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